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- UNCORRELATED EMITTANCE GROWTH IN THE TTF-FEL BUNCH ?
COMPRESSION SECTIONS DUE TO COHERENT SYNCHROTRON
RADIATION AND SPACE CHARGE EFFECTS

M. Dohlus, A. Kabel, T. Limberg
Deutsches Elektronen- -Synchrotron DESY, Notkestr. 85, D-22607 Hamburg
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For a longitudinally uniform charge distribution the
charﬁe and current densities can be expressed in terms of

step {function U;

) = M[U(a' = o) - U — a')]
I(a) =Bcho¥' ()[U(a —a') = Ul — a’)l.  (69)

The only dependence of A on o' and t is through the
string end Jocations—otherwise its value is eibher Ao or.
zero. The direction of I depends on o , but not on time.

It is well known that there is a substantial cancellation
of magnetic and electric forces between parallel-traveling,
relativistic particles. It is therefore appopriate to express
explicitly the force F acting on the test charge as it passes
point P;

F(P,0)

= E(P,0) + Bcs x B(P,0). (70)

| ,Ife(arp(ea(

[oreﬂ?—[i‘-

the complete Jefimenko e ations are

g Eme ol e{5ecls
/_-_\__/\'_-‘-\

- E(Pt) = ——1———/ {A(z"tr)ﬂ MeLtn)y I(Z"tr)J dz’,

4eg r2 r

(Y cr o2
Cowlomb 30/
, /‘&oz‘ffamrz‘ SMI = o

B(P,t) = gﬂ/ [M + i(zl’tr)J x f.dz, (31)
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VIII. COHERENT SYNCHROTRON
- RADIATION

The power radiated by N electrons in the form of syn-
chrotron radiation has been calculated by Schwinger[12],
both in the form of coherent and incoherent radiation:
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The coherent power radiated should be equal to the rate
at which the bunch does work on itself, which is given by
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Trom Sermulas -

j?\/eh where A\g = Ne/(2L).

Saldin et al[2] give an approximate form, valid for
Y >> 1/us where u, is a parameter defined by them
that is comparable with our (L/R)3; expressed in our
notation, their longitudinal force is |
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TABLE I: Coherent power, as calculated by self-force, P, and

as by Schwinger from far fields, PY). L =0.01m, R = 10m,
v = 1000, NV = 10'°.

L R Y P Pc(g]) Yerit.
m m w w

0.01 10 10 207 X 568 3336

100 555 571 3336

1000 - 563 «——3 571 3336

10000 563 «—> 571 3336

0.001 . 10 1000 12179 < 12298 7187

0.01 100 1000 121.8 < 123.0 7187
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There may also be emittance growth caused by space
charge forces even in field free regions. That growth
will have to be estimated using F, in which case the di-
vergence has to be handled differently. The intention

of treating point- particles as strings is to obviate the

need for renormalization. By starting all particles in a
51mu1at10n with non-zero interparticle separation the di-

vergence can only occur after some bunch ev‘(’)lutlon has
occurred, and then the probability of“exact spatial co-

incidence later on is small, especially for high precision

computation. The occasional close encounter will be in-
significant since the singularity is only logarithmic. Of

‘course these comments have to be made quantitative by

numerlcal investigation.
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